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Guidelines  and  Standards  for  Wetlands 
Restoration  and  Creation:  Charting  a 
Work  Unit’s  Course 


by  Bill  St reeve r 

For  over  two  decades,  wet¬ 
land  creation  and  restoration 
have  been  part  of  the  Corps' 
mission,  and  throughout  this 
time,  the  U.S.  Army  Engineer 
Waterways  Experiment  Sta¬ 
tion  (WES)  has  been  conduct¬ 
ing  research  and  providing 
technical  advice  in  support  of 
creation  and  restoration  pro¬ 
jects,  planning,  operations 
and  maintenance,  and  regula¬ 
tory  responsibilities.  Despite 
the  massive  amount  of  infor¬ 
mation  already  in  circulation, 
endless  questions  remain  un¬ 
answered.  While  it  is  easy  to 
come  up  with  research  pro¬ 
jects  that  keep  scientists  busy, 
it  is  more  challenging  to  iden¬ 
tify  those  that  offer  the  most 
benefit  to  Corps  of  Engineers 
projects  and  regulatory  respon¬ 
sibilities.  In  charting  a  course 
for  a  work  unit  called  “Guide¬ 
lines  and  Standards  for  Wet¬ 
lands  Restoration  and 
Creation,"  funded  as  part  of 
Characterization  and  Restora¬ 
tion  of  Wetlands  Research 
Program  (CRWRP),  both 
needs  and  opportunities  for  re¬ 
search  had  to  be  considered. 


Identifying  Needs 

Needs  were  assessed  in 
three  ways: 

•  First,  the  CRWRP  Field  Re¬ 
view  Group,  made  up  of  rep¬ 
resentatives  from  District 
offices  and  Headquarters,  of¬ 
fered  input  regarding  needs 
around  the  country.  Field 
Review  Group  members 
drew  from  both  extensive  per¬ 
sonal  experience  and  discus¬ 
sions  with  colleagues. 


•  Second,  members  of  the 
email  discussion  group  RE¬ 
STORE  were  queried  about 
their  perceptions  regarding 
research  needs  (Figure  1). 
RESTORE  was  established 
to  put  Corps  employees  in¬ 
volved  with  wetland  restora¬ 
tion  and  creation  in  touch 
with  one  another  via  email. 
Currently,  RESTORE  has 
about  500  members.  Re¬ 
sponses  to  the  RESTORE 


Figure  1.  RESTORE,  an  email  discussion  group  for  Corps  of  Engineers 
employees  involved  with  wetland  restoration  and  creation,  can  be 
reached  at  WGRESTORE@mail.wes.army.mil 


me  quality  inspected  4 


liSTRIBUTION  STATEMENT  A 
Approved  for  Public  Release 
_ Distribution  Unlimited _ 


19990601  093 


query  were  supplemented 
by  dozens  of  telephone  and 
face-to-face  conversations. 

•  Third,  the  scientific  and 
conservation  literature  was 
reviewed  to  identify  key 
issues. 

Linking  Needs  and  Opportu¬ 
nities 

Once  needs  are  identified, 
they  can  be  linked  to  opportu¬ 
nities.  These  opportunities 
come  in  many  forms,  including: 

•  Academics  and  graduate 
students  in  search  of  fund¬ 
ing  to  support  projects  rele¬ 
vant  to  Corps  needs. 

•  Existing  research  projects 
within  the  Corps  that  can 
be  expanded  to  meet  the 
needs  of  the  Restoration 
and  Creation  work  unit. 

•  Interagency  interest  that 
can  supplement  Corps 
efforts. 

•  Existence  of  information 
that  can  satisfy  needs  if  it  is 
converted  to  an  appropriate 
format. 

By  communicating  with 
both  researchers  and  end  users 
of  the  products  that  come 
from  research,  obvious  links 
between  opportunities  and 
needs  arise.  The  payoff  for  a 
relatively  small  amount  of  ef¬ 
fort  in  terms  of  communication 
is  improved  cost-effectiveness — 
a  better  product  for  the  dol¬ 
lars  spent. 

Needs 

Not  surprisingly,  a  wide 
range  of  needs  was  identified, 
including  such  things  as  re¬ 
search  on  plant  diversity  in  re¬ 
stored  and  created  wetlands, 
development  of  specifications 
for  structures  used  in  wetland 
projects,  development  of  prac¬ 
tices  that  will  effectively  in¬ 


volve  local  communities  in 
wetland  projects,  development 
of  methods  to  incorporate 
habitat  heterogeneity  into  wet¬ 
lands  created  from  dredged 
material,  and  development  of 
methods  for  creating  seepage 
slope  wetlands.  Regulatory 
staff  focused  on  a  need  for  rea¬ 
sonable  and  effective  perform¬ 
ance  standards  (or  success 
criteria)  for  compensatory 
mitigation  that  could  be  in¬ 
cluded  as  special  conditions  in 
Section  404  permits.  Ancil¬ 
lary  to  this  was  a  need  for  fol¬ 
low-up:  are  compensatory 
mitigation  projects  meeting 
performance  standards,  and  if 
so,  are  they  functioning  appro¬ 
priately  in  ways  that  go  be¬ 
yond  required  performance 
standards?  Some  regulatory, 
planning,  and  operations  and 
maintenance  personnel 
stressed  the  need  to  develop 
specific  practices  or  guidelines 
for  restoration  and  creation 
that  would  not  significantly 
increase  costs  or  time  require¬ 
ments.  The  scientific  and 
conservation  literature  recog¬ 
nizes  needs  for  a  better 
understanding  of  long-term 
development  of  created  and  re¬ 
stored  wetlands,  development 
of  better  methods  for  wetland 
creation  and  restoration,  im¬ 
proved  permit  compliance 
tracking,  and  a  better  under¬ 
standing  of  wetland  perform¬ 
ance  “trajectories”  (a  topic 
closely  related  to  development 
of  performance  standards) . 

From  Needs  and  Opportuni¬ 
ties  to  Specific  Projects 

How  do  general  needs  trans¬ 
late  into  specific  projects? 
Comments  from  Corps  staff 
make  it  clear  that  there  is  no 
single  issue  or  wetland  type 


that  should  receive  the  undi¬ 
vided  attention  of  the  Restora¬ 
tion  and  Creation  work  unit. 
With  that  in  mind,  a  number 
of  needs  were  selected, 
opportunities  for  effective 
research  were  matched  with 
these  needs,  and  the  overall 
work  unit  effort  for  the  year 
was  divided  among  many 
projects.  These  projects 
include  the  following: 

•  As  a  start  toward  improving 
performance  standards 
used  in  Section  404  per¬ 
mits,  performance  standards 
used  around  the  country 
were  reviewed  (Figure  2) . 
Regulatory  staff  members 
around  the  country  partici¬ 
pated  by  providing  copies  of 
permits  and  guidelines. 

This  review,  along  with  a 
method  for  developing  bet¬ 
ter  regional  and  type-spe¬ 
cific  performance  standards 
through  a  workshop  ap¬ 
proach,  is  being  published 
as  a  technical  note.  The 
next  logical  step  will  be  to 
field  test  existing  and  pro¬ 
posed  performance  stand¬ 
ards  by  collecting  data  on 
overall  wetland  performance 
in  sites  that  meet  perform¬ 
ance  standards. 

•  It  may  be  possible  to  use 
functions  or  variables  identi¬ 
fied  by  the  hydrogeomor- 
phic  (HGM)  approach  to 
wetland  assessment  as  per¬ 
formance  standards  for 
compensatory  wetlands. 
Because  Corps  and  Natural 
Resources  Conservation 
Service  (NRCS)  staff  mem¬ 
bers  in  North  Dakota  are 
actively  applying  HGM  and 
are  interested  in  HGM  re¬ 
search,  an  opportunity 
arose  to  look  into  the 
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Figure  2.  Is  this  salt  marsh  creation  project  successful? 
Performance  standards  are  useful  in  assessing  success 


usefulness  of  HGM  variables 
or  Functional  Capacity  Index 
(FCI)  scores  as  performance 
standards.  This  summer, 
the  HGM  approach  will  be 
applied  to  a  number  of  prai¬ 
rie  pothole  wetlands  in 
North  Dakota  to  evaluate 
consistency  among  users,  to 
determine  if  HGM  assess¬ 
ments  reflect  development 
of  restored  prairie  pothole 
wetlands  over  time,  and  to 
determine  if  there  is  a  rela¬ 
tionship  between  currently 
used  performance  standards 
and  HGM  variable  and  FCI 
scores. 

•  Headcutting  has  led  to  in¬ 
cised  channels  and  lowered 
water  levels  in  many  rivers. 
As  a  consequence  of  lower 
water  levels,  surrounding 
wetlands  drain  more  quickly. 
Much  of  the  Wolf  River, 
near  Memphis,  Tennessee, 
is  impacted  by  headcutting, 
and  surrounding  bottom¬ 
land  hardwood  forests  are 
drying  out.  Proposals  for 
hydrologic  restoration  are 
being  considered,  but  data 


on  the  extent  of  impacts  is 
needed.  A  Tennessee  Tech¬ 
nological  University  profes¬ 
sor  and  graduate  student 
will  undertake  tree  borings, 
groundwater  monitoring, 
bird  surveys,  vegetation  sur¬ 
veys,  and  HGM  assess¬ 
ments  to  compare 
conditions  above  and  below 
stretches  of  the  river  im¬ 
pacted  by  headcutting.  Re¬ 
sults  will  provide  input  to 
the  design  of  restoration  ef¬ 
forts.  More  importantly,  re¬ 
sults  will  provide  a  baseline 
to  determine  effectiveness 
of  restoration  efforts,  giving 
feedback  that  will  guide  fu¬ 
ture  efforts  to  restore  dam¬ 
age  related  to  headcutting 
throughout  the  country. 

•  Over  the  past  20  years,  crea¬ 
tion  of  salt  marsh  habitat 
on  dredged  material  has 
become  an  almost  routine 
practice.  However,  the  sci¬ 
entific  and  conservation 
literature  continues  to  iden¬ 
tify  differences  between  salt 
marshes  created  from 
dredged  material  and  natu¬ 


ral  salt  marshes.  Some  of 
these  differences  are  re¬ 
flected  in  bird,  fish,  and  in¬ 
vertebrate  communities,  but 
the  evidence  suggests  that 
biological  differences  reflect 
differences  in  geomorphic 
characteristics,  such  as  to¬ 
pography,  elevation,  and 
density  of  ponds  and  tidal 
creeks.  As  part  of  develop¬ 
ment  of  the  HGM  regional 
guidebook  for  estuarine 
fringe  wetlands  in  Texas, 
data  believed  to  reflect  wet¬ 
land  function  will  be  col¬ 
lected  from  a  number  of 
natural  salt  marshes  along 
the  Texas  coastline  this 
spring.  This  effort  provides 
an  opportunity  to  better  un¬ 
derstand  the  differences  be¬ 
tween  natural  and  created 
salt  marshes.  By  dovetail¬ 
ing  the  sampling  of  salt 
marshes  created  on  dredged 
material  into  the  existing 
reference  wetland  sampling 
program  for  HGM  guide¬ 
book  development,  an 
extensive  comparison  of 
important  variables  will  be 
possible  at  a  reasonable 
cost.  This  comparison  will 
be  accompanied  by  a  review 
of  existing  literature  looking 
at  success  of  wetlands  cre¬ 
ated  on  dredged  material. 
The  review  will  summarize 
differences  in  the  ways  that 
success  is  defined  by  differ¬ 
ent  authors  and  identify  bio¬ 
logical  and  geomorphic 
differences  between  these 
created  wetlands  and  natu¬ 
ral  wetlands.  Ultimately, 
data  collection  and  a  review 
of  the  literature  will  lead  to 
recommendations  for  im¬ 
proved  design  and  construc¬ 
tion  methods.  A  future  step 
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forward  would  involve 
testing  of  recommended 
methods. 

•  Long-term  sustainability 

of  restored  and  created  wet¬ 
lands  is  an  issue  frequently 
discussed  in  the  literature, 
and  one  related  to  perform¬ 
ance  standards,  but  funding 
cycles  and  total  available 
dollars  for  research  make 
long-term  monitoring  diffi¬ 
cult.  However,  opportuni¬ 
ties  exist  to  revisit  sites  that 
were  subjected  to  intensive 
monitoring  in  the  past.  In 
a  study  in  North  Carolina, 
several  created  sites  varying 
in  age  from  10  to  21  years 
were  intensively  sampled  for 
vegetation  and  invertebrate 
fauna  in  1994;  this  study 
and  other  similar  studies 
suggested  that  created 
marshes  undergo  long-term 
development  for  10-20 
years  or  longer.  This  year, 
sites  sampled  in  1994  will 


be  resampled.  Methods 
used  in  resampling  will  be 
identical  to  those  used  in 
1 994,  and  results  will  con¬ 
tribute  to  a  better  under¬ 
standing  of  long-term 
development  of  created 
wetlands. 

•  Many  restoration  ecologists 
believe  that  plant  stock 
should  come  from  local 
sources  to  preserve  genetic 
integrity.  At  some  Dis¬ 
tricts,  this  belief  is  reflected 
in  guidelines  for  wetland 
projects  that  call  for  use  of 
local  plant  stock.  However, 
unavailability  of  local  plant 
stock  in  some  regions  has 
led  to  planting  of  vegetation 
imported  from  other  re¬ 
gions.  At  least  one  study  at¬ 
tempting  to  look  at  genetic 
diversity  via  allozyme  analy¬ 
sis  could  not  detect  differ¬ 
ences  in  smooth  cordgrass 
(, Spartina  altemiflora)  that 
originated  from  different 


locations.  However,  allo¬ 
zyme  analysis  is  notoriously 
insensitive  to  intraspecific 
genetic  variability.  The 
WES  Nucleic  Acid  Research 
Laboratory  is  using  Ampli¬ 
fied  Fragment  Length  Poly¬ 
morphism  (AFLP) — a  method 
much  more  sensitive  than 
allozyme  analysis — to  com¬ 
pare  DNA  signatures  of 
smooth  cordgrass  from  natu¬ 
ral  marshes  in  Alabama  and 
created  marshes  in  Alabama 
that  were  planted  with 
stock  from  other  states 
(Figure  3) .  Data  from  this 
study,  along  with  data  from 
similar  studies  conducted 
by  other  laboratories,  will 
provide  guidelines  about  the 
impact  of  using  different 
plant  sources  on  preserva¬ 
tion  of  genetic  diversity.  If 
differences  in  DNA  signa¬ 
tures  are  present,  a  next  logi¬ 
cal  step  will  be  to  look  for 
ecological  differences  re¬ 
lated  to  different  genetic 
backgrounds. 

•  Many  opportunities  exist  to 
use  past  experience  or  exist¬ 
ing  data  to  generate  guide¬ 
lines  and  standards  useful 
to  Corps  District  staff.  One 
approach  is  to  generate  ex¬ 
ample  contract  specifica¬ 
tions  that  can  be  used  as  a 
template  for  actual  projects. 
A  contract  specification  tem¬ 
plate  has  been  prepared  for 
projects  using  geotextile 
tubes  in  wetland  creation, 
and  plans  are  in  place  to 
develop  example  contract 
specifications  for  planting 
projects.  Another  approach 
is  to  summarize  existing  know¬ 
ledge  in  a  succinct  and  accessi¬ 
ble  form  for  use  by  Corps  staff. 
The  Massachusetts-based 


Figure  3.  The  WES  Nulcleic  Acid  Research  Laboratory  is  using  Amplified 
Fragment  Length  Polymorphism  (AFLP)  to  look  for  differences 
in  genetic  signatures  in  smooth  cordgrass 
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Manomet  Center  for  Con¬ 
servation  Sciences,  working 
through  the  Restoration 
and  Creation  work  unit,  has 
agreed  to  prepare  guidelines 
for  designing  sites  to  attract 
and  support  various  wading 
and  shore  birds,  and  plans 
are  in  place  to  develop  a 
technical  note  providing 
guidelines  for  several  ap¬ 
proaches  to  community 
involvement  in  wetland  crea¬ 
tion  and  restoration  based 
on  past  experience.  Because 
these  approaches  rely  on  ex¬ 
isting  data  or  past  experi¬ 
ence,  they  can  produce 
guidelines  at  very  low  costs. 

The  “Three  C’s” 

The  work  outlined  here  in¬ 
cludes  projects  spread  across 
the  United  States  and  across 
several  wetland  types.  No 
one  researcher  could  have  the 
expertise  to  undertake  all  of 


this  work  inde¬ 
pendently.  The  key 
to  the  success  of  the 
work  unit  is  the 
“three  C’s”-communi- 
cation,  cooperation, 
and  collaboration.  In 
the  future,  as  the 
work  unit  develops,  it 
is  hoped  that  more 
District  staff  can  be¬ 
come  directly  in¬ 
volved,  both  by 
providing  feedback  on 
usefulness  of  work 
unit  products  and 
through  direct  partici¬ 
pation  in  project  de¬ 
sign,  site  selection, 
data  collection,  and 
data  interpretation. 
Ideas  are  always  wel¬ 
come — only  District 
staff  have  a  clear  idea 
of  what  is  needed  and 
where  it  is  needed. 


Dr.  Bill  Streever  joined  the  Wetlands  Branch  of 
the  U.S.  Army  Engineers  Waterways  Experi¬ 
ment  Station  in  March  1998,  Prior  to  that,  he 
taught  undergraduate  and/gfaduate  students  at 
the  University  of  Newcastle  jn  Australia,  where 
he  also  developed  a  wetland  restoration  re¬ 
search  program  that  included  studies  of  plants, 
fish,  invertebrates,  and  economics.  While  in 
Newcastle,  he  worked  closely  with  the  Koora- 
gang  Wetland  Rehabilitation  Project  by  advis- 
ing  managers  on  scientific  issues.  Streever 
: earned  his  B. S.  and  Ph.D.  deg rees  f rorm the 
University  of  Florida,  where  he  undertook  re¬ 
search  on  wetlands  created  frof|  phosphate; 
mined  lands  and  on  the  ecology  of  Fipgda’s^^j 
flooded  caves.  Before  attending  the  Univer- yi|; 
sity  of  Flliida,  he  worked  for  eight  years  as  * 
a  commercial  oil  field  'diver  Hid  tfie 
Mexico  and  the  South  ^  1 : 

China  Sda.  His  ifi  rst 
book,  a  popularizatipini"" '  x 
of  iyetland  science 
.  and  conservation 
called  Bringing 
■  Sack  ihe]:WW 
i  Wotlangs, 
was  published:' 

,  iniflliillgsg.' 


Wetland  Erosion  Protection  Structures: 
How  Low  Can  You  Go? 


by  Jack  E.  Davis  and  Bill  Streever 


Creating  wetlands  with 
dredged  material  provides 
habitat  for  a  variety  of  ani¬ 
mals,  recreational  opportuni¬ 
ties  for  people,  and  a 
dredged-material  placement 
option  for  U.S.  Army  Engi¬ 
neer  Districts.  However, 
when  dredged  material  is  used 
to  create  wetlands,  structures 
are  often  required  to  protect 
against  erosion.  These  struc¬ 
tures  can  add  significant  costs 
to  projects  (Figure  1).  One 
way  to  lower  the  cost  of  these 
structures  is  to  lower  their 
elevations — the  lower  the 


Figure  1.  Newly  constructed  marsh  requiring  breakwater  to  dissipate 
wave  energy;  the  breakwater  is  visible  from  just  left  of  the 
bottom  center,  stretching  to  the  left  and  arcing  around  the 
newly  constructed  marsh 
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elevation,  the  lower  the  cost. 
But  how  low  can  you  go  be¬ 
fore  compromising  the  struc¬ 
ture’s  ability  to  protect  the 
wetland?  Fully  developed 
guidelines  are  not  available, 
but  a  demonstration  project 
near  Aransas  National  Wildlife 
Refuge  in  Texas  suggests  that 
structures  constructed  at  or 
slightly  above  the  local,  annu¬ 
ally  averaged  daily  high  tide 
may  be  sufficient  for  similar 
projects  along  the  Texas  coast. 

Two  sites  near  the  Aransas 
National  Wildlife  Refuge  were 
built  in  1 993  as  demonstration 
projects  in  an  area  exposed  to 
fetches  up  to  14  miles.  Wind 
speeds  and  directions  gathered 
between  1985  and  1993  at  the 
Port  Aransas,  TX,  National  At¬ 
mospheric  and  Oceanographic 
Administration  anemometer 
averaged  between  10  and 
15  knots,  with  the  strongest 
recorded  across-water  winds 
being  less  than  30  knots.  Esti¬ 
mated  wave  heights  during  the 
strongest  winds  were  2-3  ft.  In 
this  climate,  erosion  of  a 
marsh  creation  project  without 
protective  structures  is  certain. 

At  the  first  of  the  two  sites, 
Site  127A,  a  trapezoidal-shaped 
riprap  breakwater  was  built 
with  an  elevation  of  +3.5  ft 
mean  low  tide  (MLT,  Corps 
of  Engineers  datum),  or  more 
than  1  ft  above  the  local  annu¬ 
ally  averaged  daily  high-tide 
mark  (Figure  2,  top).  Not 
surprisingly,  the  smooth 
cordgrass  ( Spartina  alterniflom) 
wetland  planted  behind  the 
breakwater  is  flourishing,  with 
no  evidence  of  erosion.  At  the 
second  site,  Site  128,  a  break¬ 
water  was  constructed  using 
geotextile  tubes  with  a  22.5-ft 
circumference  (Figure  2,  bot¬ 
tom).  The  crest  elevation  of 


the  tubes  ranged  from  +2  ft 
MLT  to  +2.4  ft  MLT — within 
inches  of  the  average  high-tide 
mark.  Despite  the  relatively 
low  elevation  of  the  geotextile 
tube  breakwater,  smooth 
cordgrass  planted  at  elevations 
of  about  +1  ft  MLT  to  +2  ft 
MLT  flourishes,  with  no  signs 
of  erosion.  To  all  appear¬ 
ances,  the  lower  elevation  of 
the  breakwater  at  Site  128  is 
offering  as  much  protection  as 
that  offered  by  the  higher 
riprap  breakwater  at  Site  127A. 

The  graphs  in  Figure  3  show 
water  levels  for  1 996  and 
1997  in  the  project  vicinity. 
Superimposed  on  the  water 
level  heights  shown  in  Figure  3 
are  the  crest  elevations  of 


breakwaters  at  Site  127A  and 
Site  128.  The  riprap  breakwa¬ 
ter  used  at  Site  127A,  with  a 
crest  elevation  of  3.5  ft  MLT, 
would  seldom  be  completely 
submerged,  but  high  tide  lev¬ 
els  are  frequently  above  the 
crest  of  the  geotextile  tube 
breakwater  at  Site  128.  In 
fact,  because  the  daily  tidal 
range  is  only  a  few  inches, 
while  the  meteorologically 
driven  tidal  range  is  more  than 
2  ft,  the  crest  of  the  geotextile 
tube  breakwater  at  Site  128 
can  be  continuously  sub¬ 
merged  for  several  weeks  at  a 
time.  Nevertheless,  erosion  is 
not  a  problem  at  Site  128. 

One  explanation  for  the  ef¬ 
fectiveness  of  a  relatively  low 


Figure  2.  The  riprap  breakwater  at  Site  127A  (top)  has  a  crest  elevation 
of  +3.5  ft  MLT,  while  the  geotextile  tube  breakwater  at  Site  128  (bottom) 
has  a  crest  elevation  ranging  from  +2.0  to  +2.4  ft  MLT 
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Figure  3.  Crest  elevations  of  marsh  protection  structures  relative  to  1996  (left)  and  1997  (right)  water  levels 

and  annually  averaged  daily  high  tide 


structure  is  that  it  protects  the 
root  zone  of  the  vegetated 
marsh.  That  is,  when  water 
levels  are  low,  the  structure 
prevents  waves  from  undermin¬ 
ing  vegetation  at  the  seaward 
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edge  of  the  marsh.  When 
water  levels  are  high  and  the 
crest  of  the  structure  is  under¬ 
water,  waves  propagate  into 
the  marsh  and  wave  energy  is 
dissipated  as  waves  pass 
through  plant  stems  and 
leaves.  Whether  the  water 
level  is  low  or  high,  the  root 
zone  does  not  receive  the 
brunt  of  the  wave  energy,  and 
erosion  does  not  occur. 

Clearly,  if  the  effectiveness 
of  low  structures  results  from 
protection  of  root  zones,  struc¬ 
tures  intended  to  protect  cre¬ 
ated  wetlands  dominated  by 
high  marsh  species,  such 
as  saltwort  ( Batis  maritima ) 
or  sea-oxeye  daisies  ( Borrichia 
frutescens),  will  have  to  be 
higher  than  structures  in¬ 
tended  to  protect  low  marsh 
species,  such  as  smooth 
cordgrass.  High  marsh  species 
grow  at  higher  elevations  than 
smooth  cordgrass,  so  the  root 
zone  of  high  marsh  species  will 
be  higher  than  that  of  smooth 
cordgrass  and  higher  structures 
will  be  needed  to  prevent  ero¬ 
sive  undercutting. 


Many  unknowns  remain, 
not  the  least  of  which  is  the  ex¬ 
tent  to  which  the  observations 
at  Site  128  can  be  generalized 
to  other  situations.  Before 
structures  can  be  routinely  de¬ 
signed  at  low  levels,  guidelines 
will  need  to  be  developed  that 
account  for  water-level  return 
frequency  and  distribution,  in¬ 
cident  wave  energy,  influence 
of  structure  design  on  wave 
dissipation,  wave-dissipation 
qualities  of  vegetation,  and 
the  ability  of  root  systems  to 
retain  sediment.  In  part, 
guidelines  can  be  developed 
from  computer  and  physical 
models,  but  demonstration 
projects  will  need  to  be  under¬ 
taken  at  several  locations  in  or¬ 
der  to  validate  models.  Until 
then,  a  firm  answer  to  the 
question  of  how  low  you  can 
go  will  remain  beyond  reach, 
and  designers  will  have  to  rely 
on  experience  and  documenta¬ 
tion  of  projects  such  as  that  of 
Site  128  near  Aransas  National 
Wildlife  Refuge  in  Texas 
when  establishing  structure 
elevations. 


Vol  CRWRP-T,  No.  1 


mm 


7 


this  issue  ||||§ 

%  Guidelines  and  Standards  for  Wet- 

||>pl§'^ilia  n  ^©roy  i  =Stru  cg||s-» 

tures 

l@Se  articles  i^^scpri  e^piriertcllii 

Wetlands  Restoration  and 
Creation”  worl  tmit  at  the  Water-  : 
ways  Experiment  Station, 


US  Army  Corps 
of  Engineers 
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use  of  such  commercial  products.  This  bulletin  will  be  issued  on  an 
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